We sampled blood from free-living spotted salamanders (Ambystoma maculatum) to test whether differences in the concentrations of a stress hormone (corticosterone) were associated with different qualities of breeding and migration habitat. Spotted salamanders are forest specialists that migrate to vernal pools to breed, and upland habitat degradation may have sub-lethal effects on animals that lead to population declines. An individual's level of physiological stress may function as a biomonitor for sub-lethal effects, and thus as a biomonitor for ecosystem quality. We compared unstressed (baseline) and stress-induced corticosterone concentrations in spotted salamanders: (1) at sites that differed in amount of forest loss; (2) during breeding migration across forest habitat versus pavement; (3) in microhabitats that varied in soil drainage and canopy cover. Removal of large amounts of terrestrial habitat surrounding a breeding pond was correlated with lower baseline (in males) and stress-induced corticosterone concentrations, which may indicate healthy individuals with a reduced ability to respond to additional stress or individuals experiencing chronic stress. Male salamanders migrating across pavement had elevated baseline corticosterone concentrations compared to animals migrating through a forest, consistent with an acute stress response. However, concentrations of corticosterone did not differ between individuals in microhabitats with canopy cover and well-drained soil versus those in microhabitats with no canopy cover and/or swampy soil. This endocrinological technique may be one useful measure of a population's health, helping to identify populations where further ecological study is recommended to evaluate conservation concerns.
INTRODUCTION
For more than a decade, conservation biologists have recorded apparent declines of amphibian populations world-wide (Bury, 1999) . Research has identified many factors, such as pollution, ultraviolet radiation, introduced species and fungal outbreaks contributing to declines of amphibian populations (Blaustein et al., 1994; Gamradt & Kats, 1996; Hopkins, Mendonça & Congdon, 1997; Berger et al., 1998; Kiesecker, Blaustein & Belden, 2001) . As with other taxa, however, habitat loss and degradation is considered the major cause of amphibian decline (Wyman, 1990; Blaustein et al., 1994; Pounds, Fogden & Campbell, 1999) . The most threatened habitat world-wide may be wetlands (e.g. Dahl, 1990) , and most amphibians, even if they are primarily terrestrial, require wetlands for some part of their life-cycle (Duellman & Trueb, 1986 ).
However, many pond-breeding amphibian species spend the majority of each year in adjacent terrestrial habitat (e.g. Husting, 1965; Windmiller, 1996) , and the potential impacts to amphibians of terrestrial habitat degradation immediately surrounding wetlands are largely unstudied (but see Windmiller, 1996; deMaynadier & Hunter, 1998 , 1999 Larson et al., 1998) . Beyond reducing population size, it is not clear if terrestrial habitat degradation has other impacts on bond-breeding amphibians. In particular, the sub-lethal impacts of environmental degradation on individuals and populations can be difficult to evaluate (Belden, Wildy & Blaustein, 2000; Rose, 2000; Reed, 2002) .
Baseline and stress-induced patterns of physiological stress may be useful biomonitors of sub-lethal impacts. The stress response is being used increasingly as a biomonitor for potentially threatened populations (e.g. Creel, Creel & Monfort, 1997; Wasser et al., 1997) , and elevated glucocorticoid concentrations may be useful in predicting survival of individuals in stressed populations hormones are released in response to stressful environmental stimuli (such as storms and predators) and can have beneficial short-term effects, such as temporary suppression of reproduction, increased foraging, immune system regulation and increased gluconeogenesis (e.g. Wingfield et al., 1997; Wingfield & Romero, 2001) . If the stressor is long lasting (i.e. chronic), however, glucocorticoids can have negative consequences for an animal, such as shutdown of reproduction, chronic suppression of both immune function and growth, and neuronal cell death (Sapolsky, 1992; Wingfield & Romero, 2001 ). The primary glucocorticoid released by amphibians is corticosterone (Jungreis, Huibregtse & Ungar, 1970) , and the roles of corticosterone in amphibians are similar to those summarized by Wingfield & Romero (2001) for other vertebrate taxa. Furthermore, elevated corticosterone in amphibians has been reported to suppress courtship activity (Moore & Miller, 1984; Lowry & Moore, 1991) and to increase the rate of metamorphosis (Denver, 1997 (Denver, , 1998 Larson et al., 1998) . Corticosterone concentrations can fluctuate in amphibians in response to an environmental stressor, as Hopkins et al. (1997) found for southern toads (Bufo terrestris) exposed to coal combustion waste, and Larson et al. (1998) found for tiger salamander (Ambystoma tigrinum) larvae exposed to the pesticide atrazine. We propose that habitat degradation also could act as a stressor, potentially resulting in negative long-term consequences for individuals and, thus, the population. To evaluate the hypothesis that degraded habitat can act as a stressor, we conducted three studies of spotted salamanders (Ambystoma maculatum) to determine how their baseline and stress-induced corticosterone concentrations responded to different types of apparent habitat degradation or quality.
Spotted salamanders are pond-breeding amphibians that spend more than 11 months of the year in the terrestrial habitat surrounding their breeding pond (Downs, 1989; Windmiller, 1996) and populations appear to be sensitive to forest loss (Windmiller, 1996; deMaynadier & Hunter, 1998) . Our first study compared corticosterone concentrations from individuals from two study sites, one in which approximately 36% of the terrestrial habitat within 200 m of the breeding pond edge had been replaced with a housing development within the last 5 years and one in which the terrestrial habitat surrounding the breeding pond was largely intact. Our second study compared corticosterone from individuals migrating through forested habitat with individuals migrating across a paved parking lot. Finally, we compared corticosterone levels of individuals in a single, undisturbed population, that differed by migrating through ostensibly good and poor microhabitats, where habitat quality was attributed by tree canopy and soil characteristics (Downs, 1989; Windmiller, 1996) . For each study, we predicted that living in or moving across apparently degraded or poorer-quality habitat would be associated with elevated baseline corticosterone concentrations (Wingfield & Romero, 2001 ).
METHODS

Study 1: Breeding ponds with different amounts of intact forest habitat
Spotted salamanders were captured during the springs of 1999-2001 in the terrestrial habitat surrounding two breeding ponds in Sudbury, Massachusetts (N42°22′, W71°25′). These breeding ponds are approximately 56 m apart and are separated by a narrow two-lane paved road, which is rarely crossed by amphibians (pers. obs.). Approximately 36% of the forested habitat within 200 m surrounding one of the breeding ponds, but not including habitat on the opposite side of the road, was removed in 1997 and replaced by a housing subdivision (referred to hereafter as the Disturbed site). The terrestrial habitat within 200 m of the other breeding pond (Undisturbed site), again not including habitat on the opposite side of the road, has been left largely unaltered during the last 6 years, with the exception of a single house lot that was developed in 1998, converting approximately 9% of the existing wooded upland. Salamanders were captured as they emerged from their overwintering sites in the spring and headed towards the breeding pond, and as they left the breeding pond a few days to a few weeks later, postbreeding. Drift fencing with pitfall traps (paired 5 gallon buckets spaced every 15 m) surrounded both ponds, and animals were captured on rainy spring nights when they were walking along the fence, or once they fell into pitfall traps (Dodd & Scott, 1994) . Animals captured in traps were in the buckets for a few minutes to 4 hours.
Study 2: Migration across forest habitat and across pavement
Spotted salamanders were captured in the spring of 2000 and 2001 in the terrestrial habitat adjacent to two small breeding ponds in Concord, Massachusetts (N42°27′, W71°21′]. The breeding ponds were located at the edge of a golf course. Animals migrating to these ponds in the spring emerge from their overwintering sites in forest, travel through forested habitat, then cross a well-lit, paved parking lot that is approximately 17 m across, followed by a driveway road (approximately 5 m wide) paved with macadam, before reaching the edge of the golf course and approaching the ponds. This parking lot is a popular gathering place for people hoping to spot migrating salamanders, and on several of the nights of our study other people were also walking around the paved area, introducing additional anthropogenic influences. Animals migrating towards the breeding pond were captured as they emerged from the woodland before encountering the parking lot pavements, or after they crossed the parking lot. To ensure that no animal was sampled twice, animals were transported directly to the pond after being bled. We located animals by walking along the edges of the parking lot after nightfall and virtually detecting them. We also compared these samples to inbound animals at the Undisturbed pond in Study 1, where migration was through forested habitat.
Study 3: Microhabitat variation
For this study, spotted salamanders were captured during the falls of 1999 and 2000 in the terrestrial habitat surrounding the Undisturbed pond described in Study 1. Fall migrations may be a means by which an animal leaves one burrow to search for a better location before the onset of cold weather and snow (Duellman, 1954) . Animals were captured on rainy fall nights, using the same drift fences and pitfall traps detailed previously. We used drift fences arrayed in five concentric arcs ranging from 3 m from the pond edge to approximately 200 m from the pond edge for our sampling. These fence arrays intersected several habitat types, including well-drained upland forest, a red maple (Acer rubrum) swamp, and a small clearing with scattered patches of white pine (Pinus strobus). Drift fences were constructed both along the edges of these microhabitat types and within them, so that each enclosure created by the fence system contained one primary microhabitat. We categorized a salamander as moving away from a good microhabitat if it was migrating out of upland forest, whereas a salamander migrating out of the old field (poor canopy cover) or out of the red maple swamp (poorly drained soil) was considered to be moving from a poor microhabitat (Downs, 1989; Windmiller, 1996) . These are coarse classifications of habitat quality, but they were used to maximize differences among sites.
Breeding technique
We obtained the first blood sample within 3 min of observing a salamander. Changes in corticosterone concentrations can be detected in the blood 3 to 5 min after a stressful stimulus, so blood samples taken within 3 min are assumed to represent baseline corticosterone concentrations (Wingfield et al., 1997) . For Studies 1 and 3, animals were then held for 30 min in small, plastic containers, approximately 1 litre in volume, with a few moist leaves (to prevent desiccation). At 30 min, a second blood sample, hereafter referred to as a stressinduced blood sample, was taken to determine the corticosterone response to an acute stress, which was, in this case, the combination of capture, the initial blood draw and subsequent handling (Wingfield et al., 1997; Homan, Reed & Romero, in press ). When bleeding was completed, the gender of each animal was determined by external examination of the cloaca (Downs, 1989) , and animals were released at their capture locations. In Study 2, our 30 min bleed (stress-induced) sample size for males after crossing the parking lot was too small for statistical analysis, so we report only the results of the baseline (3 min) values for all samples.
To extract blood from salamanders, we used a 21 gauge needle to puncture the caudal vein. For each bleeding event, we collected less than 60 µl of upwelling blood in heparinized microhematocrit capillary tubes (Fisher Scientific, St. Louis, MO), which were then stored on ice for 2 to 18 hours. On the rare occasion that blood flow exceeded our requirements, pressure applied to the wound for less than 1 min stanched bleeding. In the lab, we centrifuged samples at approximately 400 g for 10 min, removed the plasma, which generally composed ≥ 50% of the whole blood, and stored the plasma at -20°C. Although we attempted to measure steroid concentrations in plasma samples that ranged in volume from 2 µl to 20 µl, we found that at least 5 µl of plasma was required to generate detectable concentrations (Wingfield et al., 1997) . All protocols were approved by the Tufts University Animal Care and Use Committee.
Radioimmunoassay and statistical analyses
Radioimmunoassay, as described by Wingfield, Vleck & Moore (1992) , was used to measure plasma corticosterone concentrations. Briefly, we used redistilled dichloromethane to extract the corticosterone, which was then resuspended in phosphate buffer. A small amount of titriated corticosterone (NEN, nuclear, Boston, MA) was used to determine the recovery of corticosterone through the assay. Sample data were compared to a standard curve, created for each assay with known corticosterone concentrations, and adjusted to account for percent recovery to determine actual concentrations of corticosterone. Owing to changes in antibody availability, we used two corticosterone antibodies with different sensitivities in radioimmunoassays conducted on samples taken from Studies 1 and 3 (B21-42 and B3-163 from Endocrine Sciences, Austin, TX). The different sensitivities resulted in an inter-assay variation of 30% between the two antibodies. Consequently, for Studies 1 and 3, all assays were standardized to one another using a pool of starling (Sturnus vulgaris) plasma. A sample of the starling plasma pool was included with every assay as an internal control. The intra-assay variations for the assays of Studies 1 and 3 ranged from 2 to 16%. We used one antibody for the analyses of Study 2 (B21-42), so we did not need to standardize among assays for this experiment. The parking lot interassay variation was 19% and the intra-assay variation was less than 3%. If corticosterone concentrations were below the detection limit for the assay, they were assigned the value of the detection limit for statistical analysis.
For Studies 1 and 3, in which multiple samples were taken from the same individual, we performed a repeated measure analysis of variance looking for effects of gender, capture location (along fence versus in the trap), direction of migration (towards or away from the breeding pond), and habitat condition (disturbed versus undisturbed) for Study 1 or microhabitat quality (good versus poor) for Study 3 on baseline and stress-induced corticosterone concentrations. These analyses were followed by post-hoc tests to examine differences specific to baseline or stressinduced corticosterone concentrations. For sample sizes for each study, please see the figures. We used a student's t-test for the analysis of data from Study 2. Analyses were conducted using SAS (1999).
RESULTS
Capture protocol
Neither capture location (in Study 1 and Study 3, where animals were captured either along fences or in the trap) nor direction of migration (in Study 1) significantly affected corticosterone concentrations, and they were removed from the model in a stepwise fashion.
Study 1: Breeding ponds with different amounts of intact forest habitat
Corticosterone concentrations were significantly higher in females than in males (baseline F = 5.51, d.f. = 1,54, P = 0.007, stress-induced F = 3.42, d.f. = 1,54, P = 0.04). Comparisons between ponds, therefore, were done separately for each gender. For females, baseline levels (≤ 3 min) were not significantly different between sites (F = 2.21, d.f. = 1,20, P = 0.15; Fig. 1(a) ). Stress-induced (30 min) corticosterone levels, however, were significantly higher in females at the Undisturbed site than at the Disturbed site (F = 6.25, d.f. = 1,20, P = 0.02; Fig. 1(a) ). Males at the Undisturbed site had significantly higher baseline (F = 5.03, d.f. = 1,33, P = 0.03; Fig. 1(b) ) and stress-induced (F = 11.20, d.f. = 1,33, P = 0.002; Fig. 1(b) ) corticosterone concentrations compared to those at the Disturbed site. Although there was a significant increase in response to capture and handling for both females and males at the Undisturbed site (females F = 6.40, d.f. = 1,11, P = 0.03; males F = 13.32, d.f. = 1,21, P < 0.01), there was no significant increase in response to capture and handling for animals at the Disturbed site (females F = 1.51, d.f. = 1,9, P = 0.25; males F = 2.10, d.f. = 1,12, P = 0.17).
Study 2: Migration across forest habitat and across pavement
Female salamanders had higher corticosterone concentrations after crossing the forested habitat than did males (F = 4.42, d.f. = 1,11, P = 0.059; Fig. 2 ), although this gender difference was absent after crossing the parking lot (F = 0.61, d.f. = 1,14, P = 0.45; Fig. 2 ). Given the gender difference present before crossing the parking lot, we analyzed corticosterone concentrations separately for males and females. Male spotted salamanders had significantly higher baseline corticosterone concentrations after they crossed the parking lot than before they crossed (because Levine's test for homogeneity of variances was nearly significant, t = 2.22, d.f. = 8, P = 0.057, we used an unequal variances t-test, t = 2.54, d.f. = 7.9, P = 0.035; Fig. 2) . Females, however, showed no significant difference in their baseline corticosterone concentrations after having crossed the parking lot than before crossing (homogeneous variances, t = 1.36, d.f. = 17, P = 0.19; ttest, t = 1.00, d.f. = 17, P = 0.33; Fig. 2 ). We also compared the corticosterone concentrations of animals migrating through the Undisturbed site from Study 1, composed primarily of upland forest habitat, to those of animals in the forested habitat of this study as a comparison for site differences. There were no significant differences in baseline corticosterone concentration in males (t-test, t = 0.02, d.f. = 18, P = 0.98) or females (ttest, t = 0.44, d.f. = 15, P = 0.67) between the Undisturbed site and the forested (before crossing) treatment at the parking lot.
Study 3: Microhabitat variation
No significant differences in corticosterone were found relative to gender (P > 0.1), so it was removed from the model. Gender differences in corticosterone concentrations are often related to breeding (Wingfield, 1994; Wingfield, O'Reilly & Astheimer, 1995; Jessop, 2000) , so it is not surprising that they exist during the breeding season, as seen in Studies 1 and 2, and not during the fall, a non-breeding season. Although mean corticosterone concentrations were higher in the poor microhabitat than in the good microhabitat, the overall differences (baseline and stress-induced combined) were not statistically significant (F = 2.46, d.f. = 1,43, P = 0.12; Fig. 3 ). The higher mean corticosterone concentration in the poor microhabitat was due largely to one outlier (> 3 SD from the mean) in the baseline measurements and two outliers (> 2 SD from the mean) in the stress-induced measurements. When we compared the two types of poor microhabitat classification (poor soil drainage and poor canopy cover) to the good microhabitat separately, we found that overall corticosterone concentrations of animals in poorly drained soil did not differ from animals in good habitat (F = 0.37, d.f. = 1,38, P = 0.55). While our first test of overall corticosterone concentrations from animals in microhabitat with poor canopy cover was significantly higher than for those of animals in good microhabitat (F = 5.9, d.f. = 1,38, P = 0.02), when we removed a single outlier from the analysis, the difference between microhabitats was not there (F = 0.01, d.f. = 1,23, P = 0.91). There was no significant response to capture and handling in either microhabitat (F = 2.04, d.f. = 1,43, P = 0.16).
DISCUSSION
The relationships between habitat and baseline and stressinduced corticosterone concentrations differed among our three studies. In Study 1, both males and females showed different corticosterone profiles between Disturbed and Undisturbed sites, whereas in Study 2, only males showed increases in corticosterone after crossing a paved parking lot. In Study 3, different microhabitat characteristics had no significant impact on corticosterone concentrations. These varying responses to different types of habitat suggest that corticosterone concentrations may be useful for quantifying potential sub-lethal effects on individuals, which could, in turn, negatively impact the population.
Both baseline and stress-induced corticosterone concentrations reflected the physiological status of an individual, and thus may offer clues to the quality of their environment.
Elevated baseline corticosterone concentrations suggest that focal animals are in a more stressful environment than are control animals (Wingfield & Romero, 2001 ). For example, habitat contamination from coal combustion waste was linked to increased baseline corticosterone concentrations in southern toads (Hopkins et al., 1997) . Conversely, lower baseline corticosterone concentrations relative to control suggest that focal animals are in a less stressful environment (Wingfield & Romero, 2001 ). However, interpretations of corticosterone concentrations are more complex. Evidence from many species indicates that robust corticosterone increases in response to an acute stressor (e.g. capture) are indicative of a healthy individual free of long-term chronic stress (Wingfield & Romero, 2001) . A damped or absent corticosterone increase, on the other hand, is usually interpreted as a disruption of normal corticosterone negative feedback, and a direct consequence of chronic stress prior to capture (Hontela et al., 1992; Norris et al., 1999) .
Applying these interpretations to the data from two sites that had different levels of terrestrial habitat lost to suburban development (Study 1) leads to conflicting conclusions. Male and female baseline corticosterone concentrations were significantly lower for salamanders living in a terrestrial habitat that was recently disturbed, compared to those living in a relatively undisturbed terrestrial habitat. The recently disturbed site, therefore, Fig. 3 . Baseline (≤ 3 min after capture) and stress-induced (30 min after capture) corticosterone concentrations of spotted salamanders in microhabitats having canopy cover and welldrained soil, labelled 'good', and microhabitats having poor canopy cover and/or poorly drained soil, labelled 'poor', during the fall (Homan et al., in press ). Data are presented as means ±may be a less stressful habitat for these salamanders. The apparent superiority of the Disturbed habitat could be a consequence of only catching the healthy survivors of the habitat degradation. In fact, the density of spotted salamanders was reduced following the destructive events associated with the degradation (B. S. Windmiller, R. N. Homan, J. M. Reed & J. V. Regosin, unpublished data) . The lower density may mean that the surviving salamanders are in a better habitat, possibly leading to lower corticosterone levels as an artefact of biased survival (as is seen with birds, e.g. Silverin, 1998) . Data currently being analyzed on growth rates and breeding frequency will test this hypothesis.
However, the lack of a corticosterone response to capture and handling in animals living at the Disturbed site suggests the opposite conclusion. We assume that capture and handling are novel and potent stressors to free-living wild animals (e.g. Wingfield & Romero, 2001) , and, therefore, that habituation is not a factor in the lack of a corticosterone response. Thus, the inability to respond to acute stress is consistent with a prior chronic stress, suggesting that animals were suffering from sub-lethal decreases in health owing to the degraded habitat. Two processes could explain these apparently disparate results. First, lower baseline corticosterone concentrations indicate that animals are healthy at the Disturbed site. However, the lack of response to capture and handling indicates that these same animals are vulnerable because they are less capable of responding to further stressors, and the acute stress response is important for individual survival (Sapolsky, Romero & Munck, 2000) .
A second explanation that accounts for both the baseline and stress-induced corticosterone concentrations is that animals at the Disturbed site may be experiencing chronic stress. Some studies report that chronic stress can lead to the depression of both the baseline levels of circulating corticosterone and the corticosterone response to an additional stressful stimulus (Selye, 1971; Hontela et al., 1992; Norris et al., 1999) . It is currently unknown whether this occurs in salamanders. Distinguishing between these two potential explanations would require more study. It is clear that individuals differ between sites, however, and a possible explanation is chronic stress at the Disturbed site. This is cause for concern because vertebrate populations under chronic stress may be adversely affected by suppression of reproductive and immune function, and slower growth (Sapolsky, 1992; Wingfield & Romero, 2001) .
Results from Study 2 (crossing a parking lot) suggest that some forms of terrestrial habitat degradation also could act as acute stressors. Consistent with an acute stress response (Wingfield & Romero, 2001) , male spotted salamanders significantly increased baseline corticosterone concentrations after crossing a well-lit parking lot on their way to the breeding pond. Acute stress responses are adaptive, temporarily suppressing non-essential functions like reproduction and immune function and increasing mobilization of stored energy (e.g. Wingfield et al., 1997; Wingfield & Romero, 2001 ). For individuals in Study 2, stress levels of those before crossing the parking lot were similar to baseline values of animals in Study 1, and the values for individuals that crossed the parking lot were similar to stress-induced values in Study 1 that were a result of capture and handling. Amphibians frequently cross or attempt to cross roads during migration and dispersal (e.g. Fahrig et al., 1995; deMaynadier & Hunter, 2000; Hels & Buchwald, 2001) , and crossing a road might invoke a stress response similar to what we saw for salamanders crossing a paved parking lot. The physical structure of these two potential barriers is similar, although we cannot separate the effects of crossing the lit pavement from the effects of the pedestrian traffic at our study site. However, automobile traffic is by far the more potent danger associated with road crossing by amphibians (e.g. Fahrig et al., 1995; deMaynadier & Hunter, 2000; Hels & Buchwald, 2001) , so the physiological effects demonstrated here are unlikely to be the most important consequence.
Baseline corticosterone concentrations in females, however, were not affected by crossing the parking lot. Females in breeding condition down-regulate the acute stress response in some species of birds (Wingfield, 1994; Wingfield et al., 1995) and reptiles (Jessop, 2000) , which is thought to be an attempt to prevent relatively minor stressors from interrupting breeding behaviours (Wingfield & Romero, 2001) . Although this phenomenon has not been documented in spotted salamanders, it could explain the lack of response.
In contrast to human-caused degradation of habitat quality, more natural variation in microhabitat characteristics had no apparent effect on salamander corticosterone concentrations. Corticosterone concentrations did not differ significantly in animals moving through poorly drained or exposed microhabitats from those in animals moving through well-drained, canopy-covered microhabitats. These results suggest that some natural variations in habitat quality may not act as significant stressors for spotted salamanders. However, there are several caveats to this interpretation. First, we do not know whether animals captured in each microhabitat were residing there, or were migrating through. Duration of exposure may be important. Second, the variations at this study site may not have been extreme enough to elicit significant differences in the physiological stress response. Finally, our definition of habitat quality may have been insufficient, so that other habitat conditions drove corticosterone levels. The lack of response to capture and handling may be due to seasonal changes in corticosterone release as seen in amphibians (Dupont et al., 1979) , and reptiles (Wilson & Wingfield, 1994; Lance, Grumbles & Rostal, 2001) , or salamanders moving in the fall may be choosing to migrate because they are already stressed, thereby altering the pattern of corticosterone release we are able to measure (Homan et al., in press) . A biomonitor, such as the measure of physiological stress used here, may improve our ability to predict which properties of habitat quality have the greatest physiological impact on amphibian populations.
Other studies also have used physiological stress as a biomonitor to evaluate habitat quality. Pollution can elevate glucocorticoid levels in southern toads (Hopkins et al., 1997) , and Galápagos marine iguanas (Amblyrhynchus cristatus) (Wikelski, Romero & Snell, 2001) . Northern spotted owls (Strix occidentalis caurina) with territories exposed to different forestry practices also have elevated glucocorticoid levels (Wassar et al., 1997) , but Creel et al. (1997) found that radio-collaring African wild dogs (Lycaon pictus) had no effect on their stress levels. These studies have shown that glucocorticoids can be a valuable biomonitor to determine which populations and which general situations require more detailed ecological study, especially since these techniques do not require sacrificing animals. Amphibians can be long-lived (Flageole & LeClair, 1991) and have highly fluctuating yearly reproductive success (Pechmann et al., 1991; Reed & Blaustein, 1995) , so determining whether an amphibian population is declining can take many years of intensive ecological monitoring. Conservation biologists concerned about amphibians, therefore, might benefit from using the technique outlined here to obtain relatively quickly physiological clues about the impact of various practices on the health of individuals that could lead to long-term problems.
